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(57) ABSTRACT 

Molded articles in the form of grinding/cut-off Wheels, drill 
bits, reamers, knife, blade, etc., having a core section or 
sections comprising a moldable resin of some intensive 
property, e.g., hardness, concentration, etc., and a surface 
layer or rim or section(s) comprising another moldable resin 
of different magnitude of the same intensive property e.g., 
hardness, concentration, etc., and abrasive articles selected 
from one or more of diamond, cubic boron nitride (CBN), 
alumina, SiC, garnet, and mixtures thereof. The articles are 
characterized in that a) the resins comprising the sections are 
miscible and diffusively or convectively mixed; b) a com 
position ratio of the abrasive articles in the resins is 
decreased inwardly from a surface of said molded article on 
a scale of the mesh siZe of the abrasive and article siZe; and 
c) the resins comprising the sections are miscible and 
diffusively mixed. 
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MULTI-RESINOUS MOLDED ARTICLES HAVING 
INTEGRALLY BONDED GRADED INTERFACES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority of US. Provisional 
Patent Application No. 60/440,455, ?led on 15 Jan. 2003 
and US. Provisional Patent Application No. 60/464,517, 
?led on 22 Apr. 2003. 

FIELD OF THE INVENTION 

[0002] The invention relates to abrasive cutting and grind 
ing articles comprising superabrasive materials. 

BACKGROUND OF THE INVENTION 

[0003] Conventional abrasive cutoff Wheels of the prior art 
largely comprise abrasive grit, e.g., aluminum oxide, and 
resin throughout the entire Wheel, making the Wheel brittle. 
These discs are frequently covered in ?ber mesh to help 
contain the ballistic fragments that result from bending or 
abuse. 

[0004] In another prior art embodiment of grinding 
Wheels, Wires, sanding discs and cutting blades of various 
shapes, superabrasive materials are used. The superabrasive 
materials or “grit,” comprising diamond or cubic boron 
nitride (cBN) are used in the outer surface or periphery of a 
circular grinding Wheel or grinding cup for use in saWing, 
drilling, cutting, dressing, grinding, lapping, polishing, and 
other abrading applications. The grit typically is surrounded 
in a matrix of a metal, such as Ni, Cu, Fe, Co, Sn, W, Ti, or 
an alloy thereof, or of a resin, such as phenol formaldehyde 
or other thermosetting polymeric material. By attaching the 
matrices to a body, blade core or backing membrane or other 
support, tools may be fabricated having the capability to cut 
through such hard, abrasive materials, such as, for example, 
concrete, asphalt, masonry, ceramic, brick, or granite, 
marble, or other rock. In this method, When the blade or disk 
is bent in use, only segments break aWay from the blade, not 
Whole blade or disk fragments. 

[0005] FIG. 1A illustrates a typical abrasive Wheel or 
blade or disk in the prior art, formed as a composite of a hard 
abrasive-containing surface (item 1) bonded to a separate 
blade core (item 2). The hard, brittle surface is typically a 
mixture of glass, metal, or resin and abrasive grit and other 
additives. The core is typically a metal or resinous disc. In 
another embodiment of a cross-section vieW of a typical 
abrasive Wheel or blade or disk in the prior art as shoWn in 
FIG. 1B, the Wheel comprises a hard grit-resin surface layer 
(item 3) to prevent Wall erosion in deep cutting With hard rim 
(item 1) or alone, as in a sanding disc. The surface abrasive 
layer is attached to the core by compression and/or adhesion 
improved by geometric pro?les, e.g., notches, ridges, chan 
nels, dovetails or slots With or Without use of a 3‘d-body 
adhesive. 

[0006] The bonded article of the prior art frequently 
suffers delamination at the bond betWeen the core and 
surface if the blade, disc or Wheel is bent, such as in the mold 
in manufacture, or in thermal annealing, or by bending abuse 
in use. Cracks that form in the surface propagate to the 
discontinuous interface and travel freely along it, delami 
nating large portions of the surface layer. This creates a 
dangerous situation during use or scrap parts in Wheel 
fabrication. 
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[0007] US. Pat. No. 5,167,674 discloses one embodiment 
of the Wheel or blade arrangement in the prior art, With 
grinding Wheels manufactured from a metal or resin-metal 
tough core. The core is adhesively bonded to a mixture of 
superabrasive grit, a bis-maleimide triaZine addition copoly 
mer resin, free-radical initiator, and catalyst, Which mixture 
is compression molded to form a grinding segment annulus. 
This article has a brittle, hard rim bonded to a core through 
a discontinuous and discrete interface that Will attract and 
con?ne cracks, and delaminate if the Wheel is bent, dropped 
or otherWise abused. 

[0008] In another reference, US. Pat. No. 5,314,512, 
injection mold saW segments from superabrasive particles 
and a non-porous thermoplastic polymer are disclosed. The 
molded saW segments then are af?xed to the periphery of a 
saW blade. The interface betWeen abrasive segment and core 
is discontinuous and a delamination Will occur if the Wheel 
is bent or subjected to dynamic tension. 

[0009] US. Pat. No. 3,960,516 discloses a grinding cup, 
Wherein the interface betWeen hard rim and cup core is 
discontinuous and susceptible to delamination in bending. 
US. Pat. No. 4,369,046 teaches a Wheel that comprises resin 
and metal poWders cured simultaneously in a mold to obtain 
a good bond. The bond of this Wheel is a discrete interface 
Whose strength relies on adhesion betWeen immiscible resin 
and metal. 

[0010] US. Pat. No. 5,679,067 teaches injection of abra 
sive-?lled resinous bristles bonded to a resinous handle. One 
resin pushes the other into the mold. Bonding is by adhesion 
at a discrete interface betWeen the abrasive bristles and the 
non-abrasive handle. There is no interdiffusion or convec 
tion described at the interface betWeen the non-abrasive 
?lled and abrasive-?lled resins. The abrasive-?lled part is 
homogeneously ?lled and forms a discrete, and thus, Weaker 
interface. 

[0011] US. Pat. Nos. 6,074,278 and 6,102,789 teach the 
use of epoxy cement to bond rim to core in high-speed 
grinding Wheel, Wherein this interface is not graded as the 
adhesive is not required to be miscible With the rim or core 
resin nor is any intentional interdiffusion described to 
achieve grading. 

[0012] US. Pat. No. 3,722,831 teaches another Way to 
resolve the delamination problem With slotted resin-grit 
segments attached to a Wheel that alloWs operation at >125 
ml/s speed Without delamination. Slots, notches, ?laments, 
?bers and the like function to reduce the stiffness gradient at 
the interface on a scale of the dimensions of the slot or notch. 
HoWever, cracks from bending Will still folloW the slot 
interfaces freely. 

[0013] EP 0794850 B 1 proposes cutting segments manu 
factured from superabrasive particles molded With a ther 
moplastic material Wherein the superabrasive particles are 
oriented in a chosen direction and there is porosity in the 
molded segments. The porosity in the hard, brittle rim limits 
delamination failures at the interface. HoWever, it does so by 
Weakening the rim With porosity. 

[0014] As an improvement, US. Pat. No. 5,885,149 
teaches casting of metals to in?ltrate porous rims of grit and 
resin to achieve an interface free bond betWeen core and rim 
of the grinding Wheel, With the scale of the grading depend 
ing on the pore siZe and porosity of the surface. In this 
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reference, metals are not miscible With resins and the 
interface is weakened accordingly. 

[0015] In another embodiment to resolve the delamination 
problem, US. Pat. No. 6,187,069 teaches a porous metal 
core Which is in?ltrated by resin-grit to form a core-rim 
grinding Wheel. There is no miscibility metal-to-resin and 
the scale of the grading is that of the pores in the resin, 
leaving the interface Weak. 

[0016] The invention relates to a surprisingly safe abrasive 
cutting/grinding tool Without the delamination failures typi 
cally experienced in the prior art tools, the tool comprises a 
cutting blade having a diffuse or graded interface, Wherein 
there is a discontinuous, or diffuse, or graded interface 
betWeen hard surface or rim layer and core of the blade, and 
Wherein the binder phase of the surface layer and core 
comprises partially or completely miscible resin(s) With the 
scale of the grading being molecular up to visible scale. 

DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1A is a top vieW of a typical Wheel or blade 
in the prior art, formed as a composite of a hard abrasive 
containing surface layer (1) bonded to a separate blade core 
(2) 
[0018] FIG. 1B is a cross-section vieW of a Wheel in the 
prior art, Wherein the Wheel further comprises a hard grit 
resin surface layer (1, 3) in either or both, radial and axial 
directions. 

[0019] FIG. 2A is a cross-section vieW of one embodi 
ment of the invention With a graded interface With the 
gradient/diffuse interface denoted by shades of gray. 

[0020] FIG. 2B is a top vieW of another embodiment of 
the invention for an abrasive Wheel having a gradient/diffuse 
interface denoted by shades of gray. 

[0021] FIG. 3 is a graph illustrating the change in an 
intensive property, e.g., the concentration, of the abrasive 
surface layer. 

[0022] FIG. 4 is a graph illustrating the variation in the 
intensive property hardness from the edge of a molded disk 
to the center. 

[0023] FIG. 5 is an SEM scan of an embodiment of the 
invention, of a blade demonstrating the gradedness of the 
copper concentration in the blade. 

SUMMARY OF THE INVENTION 

[0024] The present invention relates to resinous abrasive 
cutting and grinding articles having an abrasion-resistant 
outer surface comprising hard grits and resin, integrally 
bonded through a graded, diffuse, continuous interface to a 
resinous core, for use as tools for material removal or 

cutting, such as cut-off saWs, grinding or sanding Wheels, 
cutting blades and the like. 

[0025] In one embodiment of the invention, the resins 
comprising the outer surface and core of the articles are 
partially or completely miscible, optionally containing any 
variety of ?llers to provide useful functions to the parts of 
the bonded article such as abrasion-resistance, toughness, 
inertness, conductivity, and/or color. 
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[0026] The invention further relates to a molded article 
comprising a gradient composite resinous material contain 
ing a polymer resin and abrasive particles, and Wherein a 
composition ratio of the abrasive articles is decreased 
inWardly from the outer surface of the molded article, and 
the abrasive articles are selected from one or more of 

diamond, cubic boron nitride (CBN), alumina, SiC, garnet, 
and mixtures thereof. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0027] FIG. 2A illustrates one embodiment of a cutting 
element of the invention With abrasive ?lled surface. As 
illustrated in the Figure, the composition of the polymer 
resin matrix gradually changes on a scale of the article, i.e., 
at the molecular and/or up to the visual scale from the outer 
surface toWard the core, such that interface betWeen the 
outer surface and core is diffuse and graded in at least one 
intensive property. 

[0028] As knoWn in the art, “intensive property” refers to 
any property that can exist at a point in space and not 
dependent on hoW much of the substance in the core and/or 
the outer surface. Examples of intensive properties include 
but are not limited to density, hardness, toughness, melting 
point, composition (concentration), and the like. 

[0029] In one embodiment of the invention, the concen 
tration of the abrasive grits in the polymer resin varies 
gradually at the scale of the mesh siZe of the abrasive grits 
or larger. It should be noted that the scale of the mesh siZe 
of the abrasive/superhard grits varies according to the appli 
cations and speci?c embodiments, i.e., the mesh siZe can be 
in microns, millimeters, or centimeters. 

[0030] In yet another embodiment of the invention, the 
scale of the article limits the gradient. Surface cracks formed 
in the article of the invention are absorbed in the diffuse 
interface and do not propagate along the interface and thus 
do not lead to delamination. 

[0031] FIG. 2B illustrates another embodiment of a 
graded abrasive Wheel of the present invention. The varying 
shades indicate the varying concentration of the abrasive 
particles or other component from core to outer surface. As 
shoWn in the ?gure, there is no bond line, no knit line, no 
Weld line, no visible sharp interface betWeen the abrasive 
surface and the non-abrasive core. 

[0032] Molding Resins: As indicated above, the article of 
the present invention comprises a polymer resin (or polymer 
resins) as the matrix and varying concentrations of abrasive 
particles in the polymer matrix, forming molding ?uid(s) 
that are at least partially miscible and moldable. 

[0033] Molding of the abrasive Wheel is conducted under 
conditions such that a diffuse, discontinuous, smoothly 
changing interface forms betWeen the resin(s) of the core 
and the surface or outer rim. The resins forming the Wheel 
are suf?ciently miscible and moldable such that When con 
tacted, they interdiffuse and/or intermix due to controlled 
convection in the mold, before freeZing or curing begins. 

[0034] Abrasive Component Abrasive particles are incor 
porated in both the surface and core of the article of the 
invention. The abrasive component comprises superabrasive 
or superhard particles (grits) With a hardness of greater than 
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about Mohs 8. These include, but not limited to, diamond, 
cBN, hexagonal boron nitride, alumina, SiC, garnet, and the 
like and mixtures thereof. The abrasive particles can be used 
neat or coated to improve Wetting and adhesion to the matrix 
resin. Suitable coatings include, for example, metals, includ 
ing, e.g., Ni, Cu, Cr, Fe, Co, Sn, W, Ti, or an alloy or 
compound thereof. 

[0035] In one embodiment, the abrasive particles are dia 
mond particles, Which can be natural or synthetic. Synthetic 
diamond particles can be made by conventional high pres 
sure/high temperature (HP/HT) techniques or by conven 
tional chemical vapor deposition (CVD) techniques. In 
another embodiment, the abrasive component comprises 
cBN or cubic boron nitride. The manufacture of CBN by the 
high pressure/high temperature (HP/HT) process is knoWn 
in the art and is typi?ed by the process described in US. Pat. 
No. 2,947,617, Which discloses a process to make a basic 
monocrystalline CBN. An improvement on the direct con 
version process is disclosed in US. Pat. No. 4,289,503, 
Wherein boric oxide is removed from the surface of the HBN 
poWder before the conversion process. 

[0036] In one embodiment of the invention, the particle 
siZes of the abrasive component range from microscopic 
particles (e.g., 0.1 microns) to 1 mm. Within this range, the 
particle siZe of the abrasive grit in the surface may be about 
1 pm for thin, hard coatings and up to about 0.4 mm for 
thick, very hard coatings on cutting tools and blades. There 
is virtually no limitation on the shape of the abrasive 
particles suitable for use in the present invention. Such 
particles can be in the shape of regular geometric solids, 
irregular geometric solids, ?bers, agglomerates, and the like. 

[0037] In one embodiment of the invention and depending 
on the abrasive particles used, the abrasive grits comprising 
the outer layer of the article of the invention may be selected 
for speci?c functions or properties such as pigments for 
color, electrical conductivity, thermal conductivity, bloWing 
agents for porosity, and the like. 

[0038] Polymer Resin Component. In one embodiment of 
the invention, the polymer resin for use in the resin matrix 
Which comprises the surface and core of the article of the 
invention is a moldable resin. The resin may be liquid or 
solid or plastic. In a second embodiment of the invention and 
depending on the use and required characteristics of the 
molded article, the polymer matrix is selected from one of 
a thermoplastic resin; a thermoplastic elastomer, a thermo 
setting resin, and a vulcaniZed rubber. 

[0039] Examples of thermoplastic resin include polyeth 
ylene, polypropylene, ethylene ot-ole?n copolymer such as 
ethylene-propylene copolymer, polymethylpentene, polyvi 
nyl chloride, polyvinylidene chloride, polyvinyl acetate, 
ethylene vinyl acetate copolymer, polyvinyl alcohol, poly 
acetal, ?uororesins such as polyvinylidene ?uoride and 
polytetra?uoroethylene, polyethylene terephthalate, polybu 
tylene terephthalate, polyethylene naphthalate, polystyrene, 
polyacrylonitrile, styrene acrylonitrile copolymer, ABS 
resin, polyphenylene ether (PPE) and modi?ed PPE resin, 
aliphatic and aromatic polyamides, polyimide, polyamide 
imide, polymethacrylic acid and polymethacrylates such as 
polymethyl methacrylate, polyacrylic acids, polycarbonate, 
polyphenylene sul?de, polysulfone, polyether sulfone, poly 
ether nitrile, polyether ketone, polyketone, liquid crystal 
polymer, silicone resin, and ionomer. 
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[0040] Examples of thermoplastic elastomers include 
repeatedly moldable and recyclable thermoplastic elas 
tomers such as styrene-butadiene or styrene-isoprene block 
copolymers and hydrogenated polymer thereof, styrene ther 
moplastic elastomer, ole?n thermoplastic elastomer, vinyl 
chloride thermoplastic elastomer, polyester thermoplastic 
elastomer, polyurethane thermoplastic elastomer, and polya 
mide thermoplastic elastomer. 

[0041] Examples of thermosetting resins include epoxy 
resin, polyimide, bis-maleimide resin, benZocyclobutene, 
phenol resin, unsaturated polyester, diallyl phthalate, sili 
cone resin, polyurethane, polyimide silicone, thermosetting 
polyphenylene ether resin and modi?ed PPE resin. 

[0042] Examples of vulcaniZed rubbers and analogues 
thereof include natural rubber, butadiene rubber, isoprene 
rubber, styrene-butadiene copolymer rubber, nitrile rubber, 
hydrogenated nitrile rubber, chloroprene rubber, ethylene 
propylene rubber, chlorinated polyethylene, chlorosul 
fonated polyethylene, butyl rubber and butyl rubber halide, 
?uorine rubber, urethane rubber, and silicone rubber. 

[0043] In one embodiment of the invention, thermosetting 
resins are used. The thermosetting resins are molded and 
cured outside the mold, i.e., polymeriZed and/or crosslinked 
upon exposure to heat and/or other sources of energy, such 
as E-beam, ultraviolet, visible, etc., or With time upon the 
addition of a chemical catalyst, moisture, and the like. 

[0044] In another embodiment of the invention, polyether 
imide resins are used. The basic polyetherimides are knoWn 
in the art and generally are prepared by reacting an organic 
diamine With an aromatic bis(ether dicarbonyl), ie an 
aromatic bis(ether anhydride) or an aromatic bis(ether dicar 
boxylic acid). Such polyetherimides are disclosed, for 
example, in US. Pat. Nos. 3,803,805, 3,787,364, 3,917,643, 
and 3,847,867, the disclosures of Which are expressly incor 
porated herein by reference. 

[0045] In yet another embodiment of the invention, the 
polymer resins are selected from bis-maleimide-triaZine 
addition copolymer resins, polyetheretherketone (PEEK) 
resins, polyetherketone (PEK) resins, polyaryletherketone 
resins, poly(amide-imide) resins, polyphenylene sul?de 
(PPS) resins, liquid crystal polymers (LCP), aromatic poly 
carbonate resins, and the like, and mixtures thereof. 

[0046] Depending on the ?nal application, the polymer 
resin for use in the articles of the present invention is used 
in the form of either or both, blended pellets or poWder. In 
one embodiment, the polymer resin is used in the form of a 
poWder. In another embodiment, the polymer resin may be 
formulated as a pellet or other solid form derived from 
compounding. In another embodiment, the polymer resin 
may be a ?uid or slurry or mixtures thereof. 

[0047] Optional/Additional Components. In one embodi 
ment of the invention, Wherein the abrasive element is used 
in the cutting of hard concrete and brick With considerable 
de?ection and heat, hot strength and toughness are required. 
In this embodiment, porous ?llers or pore formers may be 
added to the polymer resin. The ?llers/formers burn out in 
operation, leaving holes in the outer layer to alloW tempo 
rary accumulation of ?uid and debris to minimiZe Wear. 

[0048] The porous ?llers or pore formers may be virtually 
any material so long as the material is substantially porous 
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(30% to 99.5% porosity). In one embodiment, the materials 
comprise a plurality of non-randomly spaced openings. 
Suitable materials are organic or metallic non-Woven, or 
Woven mesh materials, such as copper, bronZe, Zinc, steel, or 
nickel Wire mesh, or ?ber meshes (e.g. carbon or graphite). 
In another embodiment, the pore formers are stainless steel 
Wire meshes, expanded metallic materials, and loW melting 
temperature mesh-type organic materials. 
[0049] In another embodiment of the invention, surfac 
tants are added to the polymer matrix composition for 
establishing folding ?oW at the interface, i.e., creating 
viscous ?ngering interfacial convection, and thus accelerate 
and control diffusive mixing of the interface to create the 
grading betWeen the outer layer and the core layers of the 
article. 

[0050] In yet another embodiment of the invention, ?ller 
that has high thermal conductivity may be optionally 
included in the polymer matrix composition. Fillers include 
poWder- or ?ber-shaped metal and ceramic such as silver, 
copper, gold, aluminum oxide, magnesium oxide, aluminum 
nitride, silicon nitride, aluminum hydroxide; metal coated 
resin; conventional graphitiZed carbon ?ber, non-graphitiZed 
carbon ?ber, graphite, graphite, mesocarbon micro beads, 
Whisker-, micro coil- or nanotube-shaped carbon, and the 
like. 

[0051] Process Forming the Article of the Invention. Com 
pounding procedures knoWn in the art may be useful to form 
the “molding compositions” comprising the outer surface 
and core of the article. Certain compounding procedures 
may be speci?cally used to improve dispersion and Wetting 
of the ?ller, compared to dispersion and Wetting achieved 
With dry poWder mixing methods. Dispersion and Wetting of 
abrasive ?llers may also be improved by the use of coatings 
applied to the abrasive ?ller prior to being mixed into the 
polymer resin. 
[0052] Depending Whether the molding composition is for 
the outer surface layer or the core layer, the amount of hard 
grit (abrasive and/or superabrasive particles) to be com 
pounded into the polymer resins may range up to 95% v/v 
(volume by volume) of the total solids, With sufficient matrix 
resin to fully Wet, i.e., conformally contact and coat, each 
grit Without porosity, ?ssures, cracks, or delamination. In 
one embodiment of the surface layer, the amount of hard grit 
ranges from about 1 to 95% v/v solids. 

[0053] With respect to the core part of the article of the 
invention, in one embodiment of the invention, the amount 
of hart grit (abrasive and/or superabrasive particles) to be 
compounded into the polymer resins may be little to none, 
While the amount of ?llers such as ?bers may be an amount 

of up to 70% v/v (volume by volume) of the total solids. 
[0054] Processes that can be used to manufacture the 
inventive articles include, for example, injection, over 
molding, reaction injection molding, resin-transfer-molding 
(RTM), reaction injection molding, vacuum assisted resin 
transfer molding, Seeman’s composite resin infusion manu 
facturing process (SCRIMP), chemically assisted resin 
transfer molding, atmospheric pressure molding, open mold 
casting, bulk molding, sheet molding, lamination, co-injec 
tion and compression molding, and combinations compris 
ing at least one of the foregoing processes, for forming an 
abrasive molded article in Which the binding phases betWeen 
the outer surface layer and the core are moldable, miscible, 
partially or completely. 
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[0055] In one embodiment of the invention, a co-injection 
molding process is used for fast, inexpensive resin molding 
With controlled interdiffusion and convection technology 
used to establish gradedness at the interface as opposed to 
the prior art process of expensive assembly of separate parts. 

[0056] In one embodiment of the co-injection molding 
process, a ?rst matrix composition comprising a polymer 
resin ?lled With abrasives and optional ?llers is fed/placed/ 
or pushed into a mold in the shape of the ?nished article. A 
second matrix composition comprising a second polymer 
resin ?lled With optional toughening ?llers such as ?bers or 
plasticiZers is fed/pushed/placed into the same mold in the 
same molding cycle, thus forming a bond (physical and 
chemical) betWeen the ?rst and second compositions com 
prising the outer surface and core of the article of the present 
invention. 

[0057] In another embodiment, different matrix composi 
tions may be fed/placed/pushed into the mold in the same 
molding cycle, for multi-layers or multi-annular layers (for 
abrasive Wheels) of resins having varying abrasive concen 
trations. The amount of diffusion betWeen the layers is 
controlled to eliminate any sharp gradient in density, hard 
ness, toughness, or composition at the interface(s) betWeen 
the resin matrix materials. 

[0058] In one embodiment of the invention, the molded 
articles have a property pro?le as illustrated in FIG. 3, 
shoWing the gradient change in an intensive property of the 
article, e.g., density, hardness, toughness, or composition of 
the abrasive surface layer, as opposed to the sharp gradient 
or change in the property pro?le of an article in the prior art 
having a non-graded pro?le. 

[0059] In yet another embodiment of the invention, a 
small and controlled amount of convective How in the mold 
during ?ll and/or cure helps accelerate interdiffusion, inter 
locking the miscible resinous phases in the mold to improve 
the bond betWeen abrasive-rich, brittle outer layer and 
abrasive-depleted, tough core, on a molecular scale. This 
interlocking at the scale of the convective or diffusive ?oW 
at the interface improves the toughness of the interface, 
eliminating delamination, especially useful for thin and hard 
surface layers. 

[0060] In another embodiment of the invention, the “?n 
ished” abrasive article may undergo further post-mold pro 
cessing steps. Namely, a Water-repellant material such as a 
silicone or ?uorine resin, is applied to or splayed onto the 
outer surface layer of the article as disclosed in US. Pat. No. 
5,079,875, the disclosures of Which are expressly incorpo 
rated herein by reference. As a result, the Water-repellant 
material enters the pores of the outer surface layer, thereby 
preventing various oxidants or ?uids from entering the 
inside of the abrasive Wheel. 

[0061] In yet another embodiment of the invention, the 
post-mold processing step may include pigmenting the outer 
surface layer, or rendering the surface layer electrically 
insulative relative to the core. 

[0062] Articles of the Present Invention. The abrasive 
element or part of the present invention can be post-molded 
processed, such as, for example, ground to a particular siZe 
or shape, sharpened, annealed, ?xtured, or the like, forming 
cutting/grinding articles in the form of blades, Wheels, discs, 
etc. 
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[0063] In one embodiment of a blade con?guration, one 
side of the resinous blade is ?lled With hard particles (i.e., 
superabrasive or abrasive particles); the other side is ?lled 
With ?llers such as ?bers to render it tough. The interface 
betWeen the tWo sides of the blade is diffuse and graded in 
superabrasive concentration. In one embodiment, a grinder 
may be used to form a sharp and hard abrasive-resinous 
edge. Because the interface of the blade is graded, the blade 
can be bent Without delamination. 

[0064] In another embodiment of the invention, the abra 
sive element of the invention is in the form of a cutting disc, 
having a thick outer layer for increased Wear life. The disc 
surface may further comprise a thin surface layer of grit 
resin to eliminate binding of disk in the deep slot (relative to 
tool siZe) being cut or ground, as Well as to increase the life 
of the core When de?ected against the Work Wall in the cut 
(see, for example, US. Pat. No. 5,495,844). In one embodi 
ment of a cutting disc, the disc comprises hard grits only on 
the surface material, With no hard material on the outer rim, 
e.g., to act as a sanding disc. 

[0065] In yet another embodiment of the invention, the 
abrasive elements are in the form of cut-off Wheels and 
grinding Wheels, and the like, having extended life and 
improved properties compared to the Wheels of the prior art. 

EXAMPLES 

[0066] The examples beloW are merely representative of 
the Work that contributes to the teaching of the present 
invention, and the present invention is not to be restricted by 
the examples that folloW. 

Example 1 

[0067] A polymer matrix composition is prepared by 
blending a poly (arylene ether) and an allylic monomer to 
form a ?rst intimate blend. This ?rst blend is then blended 
With an acryloyl monomer to form a second blend. This 
second blend is then ground at a temperature of about —75° 
C. or less, Wherein the resin is embrittled and ground into 
small particles having particle siZes less than about 50 grit. 
The cryogenic grinding is done using a Retsch/Brinkmann 
ZM-1 Grinder. 

[0068] Ten parts by Weight of the poWdered resin (“second 
blend”) are combined With 40 parts by Weight of nickel 
coated diamond to form a third blend. The nickel-coated 
diamond has 44 Weight percent diamond and 56 Weight 
percent nickel, and 31.5 parts by Weight of silicon carbide. 
The nickel-coated diamond had a mesh siZe of 120-140. 

[0069] Forty parts by Weight of the “third blend” are 
combined With 10 parts by Weight of the poWdered resin 
(second blend) to form a fourth blend of a gradually reduced 
or depleted concentration of abrasive particles. 

[0070] Forty parts by Weight of the “fourth blend” are 
combined With 10 parts by Weight of the poWdered resin 
(second blend) to form a ?fth blend With a more depleted 
concentration of abrasive particles. 

[0071] Forty parts by Weight of the “?fth blend” are 
combined With 10 parts by Weight of conventional graphi 
tiZed carbon ?ber to form a sixth blend With an enriching 
concentration of ?bers. 
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[0072] Forty parts by Weight of the “sixth blend” are 
combined With 10 parts by Weight of conventional graphi 
tiZed carbon ?ber for a more enriched ?ber concentration, 
forming a seventh blend. 

[0073] Forty parts by Weight of the “seventh blend” are 
combined With 10 parts by Weight of a conventional graphi 
tiZed carbon ?ber, forming the core composition, an eighth 
blend. 

[0074] The ?rst, second, third, etc. blends are placed onto 
a mold in annular layers starting With the core blend (mostly 
?ber ?lled) forming the inner hub to the surface blend 
(mostly abrasive ?lled) placed at the outermost rim. 

[0075] The mold is then closed and heated to 140° C. as 
a force of 3 metric tons is applied to compress the resin/ 
abrasive mixtures. After 25 minutes, the specimen is 
removed from the mold and examined. A hardened, cross 
linked, disk having good physical integrity is obtained With 
a gradient composition, hardness, brittleness, and abrasive 
ness varying from the core blend layer (most tough) to the 
third blend layer (most brittle). 

Example 2 

[0076] Ten parts by Weight of a poWdered poly (etherim 
ide) resin are combined With 40 parts by Weight of nickel 
coated diamond to form a blend. The nickel-coated diamond 
has 44 Weight percent diamond and 56 Weight percent 
nickel, and 31.5 parts by Weight of silicon carbide. The 
nickel-coated diamond had a mesh siZe of 120/140. Sequen 
tial blends are prepared as per example 1, ?nishing With the 
Wheel fabrication by hot pressing at the blends in layers at 
850° F. and 14 tons/inch2 for 1 hour, for a hardened, disk 
having good physical integrity With a gradient composition, 
hardness, brittleness, and abrasiveness varying from the core 
blend layer (most tough) to the outer rim blend layer (most 
brittle). 

Example 3 

[0077] The same resin blends are made as described in 
Example 2. The resin blends are placed in the mold, not in 
annular sections, but axial layers (as in a cake) With the 
high-abrasive content forming one side and ?ber-?lled blend 
forming the other side, and layers of different and sequen 
tially decreasing abrasive contents in betWeen. The article is 
hot pressed and cured at 850° F. and 14 tons/inch3 for 1 hour 
as in Example 2 to form a one-sided sanding disk that is 
durable and Will not delaminate When bent. 

Example 4 

[0078] The same resin blends are made as described in 
Example 2 but comprising 3 annular layers. The ?rst or 
outermost layer is a Well-blended mixture of 5% v/v dia 
mond MBS910 Ti-coated 40/50 mesh siZe, 38% v/v copper 
poWder (AEE, <25 microns) and 57% v/v polyetherimide 
resin poWder (grade Ultem 1000P, commercially available 
from GE Plastics of Pitt?eld, Mass.). The 2nd innermost 
layer is 2.5% v/v diamond, 58.5% v/v polyetherimide resin 
poWder and 39% v/v copper poWder. The innermost of core 
layer is 60% resin and 40% v/v copper poWder. 

[0079] The layers are manually intermixed at the interface, 
prior to being compacted, compressed, and heated, then 
cooled to cause densi?cation and hardening of the Wheel. 
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[0080] A comparative Wheel is fabricated With only 2 
annular layers, comprising 5% v/v diamond and no dia 
mond, same materials, blending and molding procedures. 
Hardness is measured every 1 mm from the 74 mm OD 
blade. 

[0081] The results are shoWn in FIG. 4, Wherein Within 
the gauge error, hardness of the graded blade decreases less 
sWiftly Within the outer layers of the molded disk than the 
bi-layer blade. 

Example 5 

[0082] FIG. 5 shoWs an image of the interface of one 
embodiment of the invention demonstrating gradedness via 
copper concentration for an abrasive rim containing copper 
and tin poWder additives. The visually dark region delineates 
the abrasive rim by its dark secondary abrasive ?ller pack 
age and embedded diamond crystals. 

[0083] While the invention has been described With ref 
erence to a preferred embodiment, those skilled in the art 
Will understand that various changes may be made and 
equivalents may be substituted for elements thereof Without 
departing from the scope of the invention. In addition, many 
modi?cations may be made to adapt a particular situation or 
material to the teachings of the invention Without departing 
from the essential scope thereof. Also, all citations referred 
herein are expressly incorporated herein by reference. 

1. An abrasive article, Which comprises: 

a ?rst part comprising a ?rst moldable resin having an 
intensive property; 

a second part being adjacent to the ?rst part forming an 
interface, said second part comprising a second mold 
able resin having an intensive property of different 
magnitude from the ?rst moldable resin, 

said second moldable resin being at least partially mis 
cible With the ?rst moldable resin; and Wherein 

the interface betWeen said ?rst part and said second part 
being diffuse and graded and varying in the magnitude 
of the intensive property, on at least a molecular scale, 
limited only by the scale of the abrasive article. 

2. The abrasive article of claim 1, Wherein the ?rst and 
second moldable resins are the same. 

4. The abrasive article of claim 3, Wherein the interface 
betWeen said ?rst part and said second part being diffuse and 
graded and varying in the magnitude of the intensive prop 
erty, on a scale of mesh siZes of said abrasive particles. 

5. The abrasive article of claim 1, Wherein said ?rst and 
second moldable resins further comprise abrasive particles 
selected from one or more of diamond, cubic boron nitride 
(CBN), alumina, SiC, garnet, and mixtures thereof. 

6. The abrasive article of claim 5, Wherein said abrasive 
particles comprise diamond. 

7. The abrasive article of claim 1, Wherein said ?rst and 
second moldable resins independently are selected from one 
of a polyetherimide, bis-maleimide-triaZine addition copoly 
mer, polyetheretherketone, polyetherketone, poly(amide 
imide) resin, polyphenylene sul?de (PPS) resin, liquid crys 
tal polymers (LCP), aromatic polycarbonate resin, and 
mixtures thereof. 

8. The abrasive article of claim 2, Wherein said ?rst and 
second moldable resins are polyether imides, a reaction 
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product of an organic diamine With an aromatic bis-ether 
dicarbonyl) or an aromatic bis(ether dicarboxylic acid). 

9. The abrasive article of claim 1, Wherein said abrasive 
particles range in siZe from about —600 mesh to about 20 
mesh. 

10. The abrasive article of claim 1, Wherein said abrasive 
particles are present in said ?rst and second moldable resins 
in an amount of up to about 95 vol-%, in random or ordered 
?lling. 

11. The abrasive article of claim 10, Wherein said abrasive 
particles are coated With a material selected from the group 
of metal, metal-oxide, refractory-material, and mixtures 
thereof. 

12. The abrasive article of claim 11, Wherein said abrasive 
particles are coated With one or more of Ni, Cu, Cr, Fe, Co, 
Sn, W, Ti, an alloy thereof, a carbide thereof, and mixtures 
thereof. 

13. The abrasive article of claim 3, Wherein said ?rst 
moldable resin further comprises secondary abrasive par 
ticles selected from the group of ceramic boride, nitric 
oxide, Cu, Fe, Sn, bronZe, carbon, silica, alumina, Si, and 
mixtures thereof. 

14. The abrasive article of claim 1, in a form of a 
grinding/cut-off Wheel, a drill bit, a reamer, knife, blade, 
honing mill, or an endmill. 

15. A molded article, Which comprises a gradient com 
posite resinous material containing a polymer resin and 
abrasive particles having various mesh siZes, and Wherein 

a composition ratio of said abrasive articles changes 
gradually on a scale of the molded article, 

said abrasive articles comprise one or more of diamond, 
cubic boron nitride (CBN), alumina, SiC, garnet, and 
mixtures thereof. 

16. The molded article of claim 15 , Wherein a composition 
ratio of said abrasive articles changes gradually inWardly or 
outWardly toWard said surface of said molded article. 

17. The molded article of claim 15, Wherein said compo 
sition ratio of said abrasive articles changes gradually on a 
scale of the mesh siZes of the abrasive particles and Within 
said molded article, 

18. The molded article of claim 15, Wherein said gradient 
composite resinous material further comprises a ?ller 
selected from one of silver, copper, gold, aluminum oxide, 
magnesium oxide, aluminum nitride, silicon nitride, alumi 
num hydroxide, a metal coated resin, carbon ?ber, graphite, 
micro-bead, Whisker, nanotube-shaped carbon, and mixtures 
thereof. 

19. The molded article of claim 18, Wherein a composition 
ratio of said ?ller is decreased gradiently toWard said surface 
of said molded article. 

20. A method for forming a cutting element, Which 
method comprises the steps of: 

introducing into a mold or a press at least tWo resinous 
materials having different concentrations of abrasive 
particles selected from one or more of diamond, cubic 
boron nitride (CBN), alumina, SiC, garnet, and mix 
tures thereof; 

alloWing for controlled convective mixing of the contact 
surface betWeen the resinous layers; 

applying sufficient temperature and pressure on said mold 
or press such that said resinous materials are at least 
partially miscible, thus forming an intermediate body 
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having a diffuse interface between said at least tWo machining the intermediate body into a desired shape and 
resinous materials which is graded in concentrations of siZe to form said cutting elernent. 
said abrasive particles on at least a molecular scale 
level; and * * * * * 


